Duckweed is a group of aquatic plants with the potential of wastewater remediation and fast accumulation of biomass. The accumulated biomass, rich in cellulose, starch and protein, can be used for biofuel, bio-fertilizer, animal feed and human food. Characterization of natural biodiversity of duckweed species is essential for the germplasm preservation and various practical applications. We have collected samples of duckweed in eastern China and characterized species biodiversity by genotyping, using chloroplast (atpF-atpH and psbK-psbI spacers). Spirodela polyrhiza was revealed as a clear dominant duckweed species in all locations of the area. Other duckweed species were identified as Landoltia punctata, Lemna aequinoctialis and Lemna turionifera.
Introduction
Water supply is one of the most serious challenges faced by the world today. In many Asian countries and elsewhere, the demand for potable water doubles every 10 -15 years due to both the rising domestic consumption and the increasing needs of industry [1] [2] . Eutrophication of water resource is a global concern and has been identified as a major environmental problem for water resource management. Excess agrochemical fertilizers, primarily nitrogen (N) and phosphorus (P), are the major cause of eutrophication in waterbodies worldwide. In China, application of chemical fertilizers amounts to around a third of the world's total usage. According to www.statista.com, the use of chemical fertilizers in the world in 2014 was 186.7 million metric tons, and in China it was 59.96 million metric tons, with Chinese farmers applying 70 percent more chemicals to crops compared to the world average (China's Ministry of Agriculture). Another source of water pollutants are nutrients used in the fast growing aquaculture systems. The main contaminants of the aquaculture wastewater effluent are ammonium, organic N and P [3] . Only about 15% N and 25% Pof the aquaculture feed are assimilated by fish and shrimps, while the unutilized part accumulates in the water or in the sediment [4] . The eutrophication of water bodies due to aquaculture wastewater is on a sharp rise during the last 20 years, at a rate of 2% -4% per year in the Yangtze River basin and Zhujiang Delta basin [4] .
The need to reduce anthropogenic nutrients in aquatic ecosystems for preventing water eutrophication has been widely recognized [5] . A number of physical, chemical, and biological methods used in wastewater treatment are applied in freshwater pond aquaculture systems. Among them biological treatment has been considered the most feasible approach for enabling water reuse. As an eco-friendly method, cultivation of aquatic macrophytes is attractive for nutrient removal and the restoration of eutrophic waterbodies [6] .
Duckweed has been considered for phytoremediation of eutrophic water due to a number of its specific features: 1) excellent capacity for nutrient uptake [7] ; 2) fast growth rate and high biomass production; 3) resistance to pollution and comparatively cold tolerant; 4) wide distribution in natural aquatic ecosystems [8] ; 5) easy removal from water. As an additional benefit, the produced biomass with high content of protein and starch, can be used for the production of animal feeds, fertilizer, and bioenergy products [9] [10]. Thus, duckweed has become an attractive solution for recycling of nutrients from wastewater system [11] .
In this study, we collected samples of duckweeds in eastern China, identified the species by genotyping, and used selected isolates ecotypes in experiments to remediate industrial and municipal wastewater sampled at the local sewage plants.
Materials and Methods

Plant Material and Growth Condition
Four duckweed species used in this study were collected at different locations in by DNA barcoding using primers specific for chloroplast intergenic spacersatpF-atpH (ATP) and psbK-psbL (PSB) as previously described [12] . Following species identification by barcoding, duckweed fronds were surface sterilized in solution containing 0.5% of sodium hypochlorite solution and 0.1% benzalkonium bromide and washed with autoclaved water. The procedure was repeated in 2 days and fronds were put on solid agar medium supplemented with SH salts [13] .
Sample Handling and Experiment Design
To generate duckweed biomass for wastewater treatment, four duckweed species 
Measurement of TP and TN Concentrations
TP concentration (TP, mg/L) was measured using the ammonium molybdatespectrophometric method, used for monitoring and analyzing water and wastewater in China. TN concentration (TN, mg/L) was determined using standard alkaline potassium persulfate digestion followed by UV spectrophotometry.
Results
The Identity of the Duckweed Strains
Four duckweed species used in the experiments were collected at different locations in eastern China (Figure 1 ). The species identity was determined by DNA genotyping using dual chloroplast DNA barcodes atpF-atpH (ATP) and psbK-psbL (PSB). Chloroplast DNA fragments, amplified by PCR, were directly sequenced using one of the amplification primers and blasted against the sequences available in the NCBI DNA database. The combination of ATP and PSB chloroplast barcodes [12] clearly identified three out of four species as, Spirodela polyrhiza, Landoltia punctata, and Lemna turionifera. For the fourth sample, collected from the lake at People's square park in Shanghai, the sequence alignment revealed Lemna aequinoctialis as the species with highest Blast score for ATP barcode and L. turionifera with the highest score for PSB. Therefore, in this case we have used a third chloroplast DNA barcode, RpoB [14] , which clearly identified the species as L. aequinoctialis.
Bioremediation of Municipal Wastewater
To test the ability of duckweed to accumulate nutrients, mainly N and P, from local municipal wastewater, four duckweed species (L. aequinoctialis, S. polyrhiza, L. punctata and L. turionefera) were used to treat influent and effluent of the The TP concentrations in influent and effluent water from local municipal sewage plant were 3.5 mg/L and 0.87 mg/L, respectively. As for N removal, the TP concentration drops quickly for the first three days of duckweed cultivation for all duckweed species. During the 15 days treatment, up to 93% of the TP was removed from the influent wastewater and 70% -85% from the effluent water.
Bioremediation of Industrial Wastewater
Composition of the influent wastewater treated by the local industrial water purification station significantly differs from the municipal wastewater in terms of N and P concentrations. As shown in Figure 3 
Discussion and Conclusions
Duckweed is considered as a promising macrophyte for sustainable wastewater the N removal rate was about 84% for L. aequinoctialis and S. polyrhiza, and 92% for L. punctata and L. turionefera. Because the starting P concentration was low in industrial wastewater, the TP concentration was around 0.2 mg/L, with the P removal rate between 70% -75%.
In summary, our experimental data suggest that L. aequinoctialis and S. polyrhiza are preferred species for the treatment of local municipal wastewater with the moderate concentrations of N and P, while L. punctata and L. turionefera are more efficient species for the remediation of local industrial wastewater with high N and low P concentrations.
